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Abstract 
In this paper the fault diagnosis of multiple faults in linear circuits is studied for distortion analysis for 2nd and 3rd harmonic 
components by considering a state variable filter circuit. To study the testability of the circuit the distortion analysis is plotted for 
various fault conditions. The sensitivity of the output signal with respect to the faults along with pole-zero analysis is obtained. 
The transfer function of the state variable filter considered for the analysis is given by: 
               VLP   =                                             R6(R1+R3)                       .   
               V1               s2(R3R4 R5 C1 C2[R1+ R6]) – R1R3 + R2 R6 
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1. Introduction 
    Fault diagnosis is more important in the design and development of the product. The fault diagnosis is 
improved a lot and came to saturation in the digital circuits; where as in the analog circuits it is still more critical and 
work is going on to improve the fault detection and isolation. A single faults testing and detection is comparatively 
easier than multiple faults occurrence.  The multiple faults create difficulty in fault testing, identifying and isolating. 
In this paper we have introduced faults at different stages and analyzed effects of the faults in the filter response.  
1.1 Sensitivity Analysis 
    The sensitivity analysis gives the information about how the behavior of the circuit is getting affected 
(deviated) from the actual working due to the variation in the parameter of the components, devices or source 
because of aging, temperature variation etc.,. It helps to identify which components of the circuit effects the output 
and it is considered as a critical component. It is also specified with better tolerance and optimizes the sensitivity 
effect of that on the circuit functionality. Similarly we can also identify the least effective component also. This 
helps the designer to reduce the cost without affecting the design performance of the circuit. 
    Sensitivity analysis calculated the sensitivity of the output current or output voltage based on the parameters of 
the components or devices used in the circuit. In general sensitivity is expressed as a ration between the changes in 
output with respect to input changes. Sensitivity analysis performs DC sensitivity and AC Sensitivity. 
1.2 Pole-Zero Analysis 
    In any system design the major criteria is the stability of the system. Thus the pole-zero analysis is useful in 
determining the stability of the system designed by calculating the poles and zeros. The poles and zeros of the circuit 
can determined with the help of the circuit transfer function, and it can be determined as the ratio between the output 
voltage to that of the input voltage. The roots of the numerator of the transfer function which makes it zero are 
considered as the zeros of the system. Similarly the roots of the denominator of the transfer function are considered 
as poles of the system. 
 
    In general a transfer function of analog circuit is expressed in the frequency domain using Laplace Transforms. In 
this transform we use s= jȦ , and  s=j2ʌf. The transfer function will have complex roots. The poles and zeroes of the 
transfer function is (-p1,-p2,-p3,-p4,...) and  (-z1,-z2,-z3,-z4,...) respectively. 
 
1.3    Distortion Analysis 
    The distortion analysis is the study of distortions in the output signal due to the harmonic frequency components 
produced by the active devices. The output signal distortion may occur due to the nonlinearity behavior of the active 
devices used.  
    Let us consider the input signal is defined as x(t) and output as y(t) such that the output is defined as: 
y(t) = A x(t) ---------------(1.1) 
where A is constant known as gain of the amplifier.  
 
    General expression of the harmonic distortion can be found by using Fourier series expansion for the output 
signal and it can be written as: 
y(t) = A x(t) + A2 x(t2) + A3 x(t3) + A4 x(t4) + A5 x(t5) + ……..     -------(1.2) 
where A2, A3, A4, A5,…………. are constants of the higher order harmonic components.  The second term is known as 
Second Harmonic Component, third term is known as Third Harmonic Component and so on. 
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2 State Variable Filter Circuit: 
    The state variable filter circuit is shown in figure1 with the component values corresponding to a center 
frequency of 7KHz. The resistors used in the circuit have a tolerance of 5% and each capacitor has a tolerance of 
10%. The state variable filter circuits transfer function is: 
                                                     VLP   =                                             R6(R1+R3)                       .      -----------------------------(2.1) 
                                                     V1               s2(R3R4 R5 C1 C2[R1+ R6]) – R1R3 + R2 R6 
     
    State variable filters are bi-quads filter which require a high ‘Q’ factor.  These are used as band pass filters and 
depending upon where the output is considered, the filter can also generate a low pass, a high pass and a band pass 
filter response simultaneously but the major problem with this is that it requires more number of operational 
amplifiers (OP-AMPS).  
 
Figure 1: State Variable Filter Circuit 
 
    By assuming different fault conditions the frequency response of the state variable filter is plotted. This enables to 
study the testability of the circuit. The faults considered for study are open circuit, short circuit and leakage 
faults.The frequency response of the state variable filter for various faults is shown in figure2. 
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(a)Distortion Analysis Results without Faults 
 
 
(b)Distortion Analysis Results with Faults 
 
Figure 2: Distortion Analysis of State Variable Filter  
 
    The results of sensitivity analysis and pole-zero analysis is shown in figure3 and figure4 respectively. 
 
Figure3: Sensitivity Analysis results of State Vaiable Filter 
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Figure4: Pole-Zero Analysis results of State Vaiable Filter 
3 Conclusion 
    It is observed that with the faults associated with operational amplifiers results in reduction of gain for the second 
and third harmonic components as shown in figure2. Without faults the circuit provided constant gain from 1MHz to 
1 THz frequency. From the pole-zero analysis it is observed that the filter designed is a stable system. From the 
sensitivity analysis it is observed that the negative values are critical and effecting the performance of the system. 
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